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(£) Plasma processing systems. 
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A reactive ion etching or magnetically enh- 
anced reactive ion etching system consists of a 
rathode support structure (12). a shield struc- 
Sre (18) disposed around the cathode an in- 
stlato (26) disposed between the cathode and 
£ , shield structure, and a clamping r,n£ . cap- 
able of mating with the top edge of the in- 
sulator The insulator (26) has a generally 
^fndncal shape with a flange (28T that extends 
outward between the shield structure (18) ana 
me damping ring (14). A gap (24) between the 
damp^ ring and the top edge of the .nsulator 
* called to 20 thousandths of an inch or 
toss to restrict an RF coupling path between the 
shield and the cathode. In addition, the flange 
fds to interrupt the plasma conductor path 
between the shield structure and the cathode. 
By^nhLing plasma conduction between the 
shield and the cathode, reactive ion etching 
totems in accordance with the present inven- 
ton operate in a higher pressure, higher power 
regime without arcing or exat.ng a secondary 
plasma. 
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The present invention relates to 

Etching operations are frequently used .n the forrr ationo m ^conductor substrate, 

within device structures are formed by 
fon^ingaphotoresis.maskonthethin^^ 

mask in an etching step. A number °^ a ^^^ tnan many of other etching techniques. Because 
suited to the extreme demands of modern device P™*™^ * jts use enables device structures 

of the high ieve, of directional •^^^^S^ST.lp^ui. at which R.E is performed make 
of greater density to be formed. In add,ll °". '^/^ ^ of device processing. 

such process steps compatible with even plater stages of de P ^ repeated many t , mes 

The process of forming a P^«^ ™* s a "i^S P^«» " as a subStantia ' ^ 0 " 
in the formation of semiconductor devices. Thus ^etch 9JP ^ ^ processes . As w.th 

essing time required to produce sem.conducto^ ^^SL^ devices, there is a need to reduce the 

removes that portion of a thin film ^\^^ ? n Te Se eactive ion etching processes, a chemical 
bombardment, chemical etching and chemical de P os ' to and then absorbed onto the surface 

etchant from a plasma created above the etching sub. rate bfj tne absorbed etchant species 
of the materia, to be etched. Ion bombardment^ xovide ^STSh^S. etchants are typically chosen so that 
to a higher energy state and to accelerate ^ ^^^ f jlm , ayer rather than on the surfaces of the 
etching occurs predominantly at the exposed portion of th thin V ^ Qf ^ ^ 

photorlsis. mask. Reacted material ' ^ 

through a vacuum exhaustive. An RIE or ME»E system typ y rf ^ tQp ^ gre typically 

erating a capacitively coupled plasma f « d *2* 9 d the region in wh ich a plasma is generated, 
grounded in such a system to def ine the extent r the ^ and tne operalion al pressure 

Optimizing the reactive ion etching env.ronme nt typrc. Hy .nd u J „ chemistry , or otne , 

within the etching chamber. When ^""^TJ^^^.^ a t re.atively high pressures (between 
similar chemistry is used in the etching system^ « ^"^^ between tne effects of physicai bombard- 
about 100 milliTorr and about 250 ™«' T »^ 3 such as SF , or NF 3 , are used, lower pressure 
men. and chemical etching. When chemically s '™^ «*^ ^ tne oensity of etchants within the plasma 
operation is desirable. Higher operating pre.su res «n ^ rate ,„ many circum stances, higher 

iKsnss^r-i'ssrff - — - - — - - 

sidues at higher operating pressures. jnto reac(ive ion etohi ng systems. 

Two types of cathode structures .« ^ the chamber wall, primarily by insulation. Al- 

The "isolated cathode" structure uses a ^« f^"™^, , ne RF p0 wer input to the cathode may couple 
.hough this cathode structure is simple and ^ 

to the chamber wall through vacuum, giving ns tc wa „ s of tne etching sys tem. In typical ,m- 
structure places a shielding ^^ZZV a s ^ d typically in the form of a grounded cyl.nder, is placed 
plementations of this "shielded cathode des*n. a shiej J. J and electrica „ y separates the 

around the cathode. An insulating cylinder. jon 0 ' a s eC ondary plasma between the cath- 

cathode from the shieW. The grounded shield prevent, t e c^on ^ ^ between ,„„ 

ode and the walls of the etching ^^"XmTw operating pressure and high RF input power 

^»^' r "-''" — """" 

powered cathode and the grounded shield. including a cathode capable of 

One preferred embodiment of the present invent™ , ^.n di f, e rentfrom the cath- 

exciting a plasma. Ashie.d structure, ^™**™°£™™^ e . An insulating structure ,s disposed 
ode, is disposed adjacent to and about a, ^^^^^ or between the insulating structure 
between the cathode and shie,d. Any gaps with, '^ n » J between the and shield, are limited 

the generation of a secondary plasma. 
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Another preferred embod.mentofa^^ 

inclu des a cathode coupled to a *^^^^£2£ sl-ucture^be stained a, an elec- 
is disposed adjacent to at least a portion of the cathode and Hie ^ gnd ,„„ 

trie,, potential different from the cathode. £™£^e*Z S beyond either a surface o, the cathode or 
shield structure so that an edge of the ^^^^^ZJ^ a cap disposed upon it so that the 

elnd frorn the insuring structure to interrupt the ^-"JjS^ to a high f reouency power 
,n another preferred embodiment of the present '"7«*^^ t 3 eB8l a portion of the cathode, 
source capab.e of exefcing a P^^J^^S^^«m the cathode. An instating struc 
and the shield structure is maintained at a" elect neal ^ insulating structure ex- 

ture is disposed between the cathode ^J^^ZT^^.^p structure is disposed 
tends beyond either a surface of the cathode ,o r an edge of he * g ^ fe separated 

adjacentto an edge of the cathode and * '^^o tta". secondary plasma is not generated within said 

from the insulating structure by a ^^"^iX ^TJrtnerTspect of\his preferred embodiment, a gap 

SaTt^ ' 

"Tyet another preferred embodiment ^^^^^^ ZSEZ 
power source capable of exciting a ^-*^*^^™?Zx lM different from the cathode. An insu- 
cathode, and the shield structure ,s rnaintaine i at a . ectr ^ P °^ ucture so that an edge of the insulating 
iating structure is disposed between ^Xe^S^ ^ °" he shieldi " 9 ^ ^ 

31 ^2o^i 1 ^^"S«c embodiments of the invention, reference being made to 
pTTrs^SsSo^atio-rt reacts *>n etching system; 

vention; and arj-nrdance with the present invention. 

Fig. 4 is a cross section of a reactive ion etching system " ^ anC " ^ and P magn etically enhanced 
The present invention generally relates ^^^^S^ % be collectively referred to herein 
reactive ion etching (MERIE) systems. For ^. n _ e "^^ pically una ble to maintain the higher oper- 
as reactive ion etching (RIE) systems. Prior art W?^™}"^ etcning rate s, improved selectivity, 
ating pressures that are desirable for greater operat.ng sta f JSTS^ed to be the primary mechanism 
and reduced residue levels. The present .nventor ha denh «d wha -s be Apparently , a mech- 

for electrical breakdown in the shielded ^^"^^ ^ 0 allow ionized gas to flow between 
anical fitting becomes sufficiently loose dunng norma opera » , engthening or restricting the 

,he system cathode and a grounded sh.eldmg structure w.th n the syst J * „ , hat break . 

path along which the ionized gas (/... the p ^ . ^ ^^r presLre operation in a shielded 
down will occur by this mechamsm can be greatly reduced^a 9 conduction path can be 

cathode RIE system. In a preferred ™™ m " l .^r^ n ZZ*y rom the norma, conduction path be- 
interrupted by extending an insulat.ng flange to ^^J^J bMnl of the present invention, the 

ing to occur is greatly reduced. illustrated etching system consists of an etch- 

Fig. 1 illustrates a prior art RIE system ,n ^ss section. J he '''^ sut) 9 strate 1 „ te a semiconductor 
ing substrate 10 disposed on a support structure 12. Mo * * 9 wounted in , temporary 

Generally the anode for the system is primarily the upper surface 16 (,.e.. h«J) 
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the etching chamber are preferably ^^'^JS'J^S, 16 9 of the etching chamber. RF power is 
or CF« is introduced to the region between tta ^^ " a ™" t0 and exci t es the molecular gas. partially 
applied to the cathode 12. so that the RF P^^^'^etular qas is chosen so that it ionizes to yield an 
o completely ionizing the gas to create a plasma. ™« ^ Q( the etching subslrate 10. The 

etchant species that is suitable to etch the «™ °«™ X °^™^ area of the lid 16 and walls 17 of the 
difference between the surface area of the ^^^^^^ syste m's RF circuit is asymmetric, 
etching chamber (collectively the system ^^^^^^J^^cz^.^^^ 
Conseguently.whenRFpowerisa^ 

irStbS 

of the etching substrate. favorable to improved etching rates. Producing a high 

High plasma density and h*,h ion rzahon levels ar « ' a ™^ wer , P eve|s As a practica , matter, the plasma 
d ensit 9 y P .asmaorahighi 0 n*« . 

for etching must be contained ^^^^ lo Maintain the plasma, even if powerful RF gen- 
quately contained, there may be .nsuff.cient power oe y g Qf measures 

.raters are used to excite the plasma. To ^'' tate the f ° °" „ * self as well as the electnc field used 
are taken within the processing environment to contain oth the ^ struc(ure 12 are spaced close ,y 

to create the plasma. Often, the lid 1 6 «^m<*^*^^ For example, a ring 8 may extend 

1 °- ln shielded cathode RIE systems, the RF eleetncf ie, .used to ^^^^^ 
ve nt power dissipation in ways that ^^^^^^^^^^^^ 
such containment is illustrated .nF.g.l .Ash eld J^J ^ disposed as closely as possible to the 

12 to contain the RF driving f, eld The eh.e d 1 » « ty ° ^^.Accordingly, the shield structure 

cathode support structure 1 2 and ,s generaNy ma n* ned t ground p ^ ^ ^ ^ ^ 

power to be drawn away and causing ^J^*^^^ catno de support structure 12. a dielectric 

To prevent conduct.on between the shield structure IB {ure 1 ^ ^ ^ 

insulator 20is disposed between shield^ ^ jnsu|ating properties of 

insulator 20 is formed from quartz because of the « ceramics as alumina . For the ge- 

pu artz. Other dielectric materia s can « lso ^ " sed . ^ ^. 9 ndrjca , or pipe . like sna pe. In addition to providing 
ometry shown in Fig. 1 . the dielectric insulator 20 as a cyhn ^ P P ^ R js typica , to 

o a die.ectric insulator 20 between the shield structure ^ -J^e ^hod n ^ ^ ^ an(j 

use a dose fitting cap over ^^ l ^° , ^^^ 9 structure is used, the clamping ring 14 

,he same or similar components of the ill ust ^'^^^ 16 dielectr ic insulator 20. cathode support 
Fig. 2 illustrates the mechanical joint between sh eld structure MB. d jp clamping ring 

structure 12 and clamping ring 14. A ^"^^So^ll-d structure 18 and the edge 
14 to fit over the edge of the dielectnc insulate. 20 that die|ectrjc jnsulator 20 . Using the 

of the cathode 12. The channel 22 is of further eiectrically isolating the 

clamping ring 14 as an end cap for the d,elec.nc .nsulator 2 has the e ^ ^ ^ ^ 

shield structure 1 Sfrom the cathode support structure 12. "^ r ; 1 ^ ri ^totnedielectricinsulator 
ne, 22 and the edge of the d*lectric insulator 20 ^^J^^^.c^u^y.^W^ 
20, generally has not been well controlled ,n ^^^^^^ of an inch. 

^Z^^^^^^^^^ 
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signs of reactive ion etching systems. Table 1 .(lustra ites . the .rang P Qn ^ for 



served within the 50 second trial period. 
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Previous efforts have b een unable to improve ^ 
venter has identified what is believed to be ^ Sdown a.ong this path, the present 

The present inventor has observed that ,n e»st.ng sh. dad cathod ^teh 9 y anrf ^ 

S^SCes^ 

ed cathode etching systems by plasma conduct™ ^^J"**™™^ a gap 24, indicated in Fig. 2. 
structure 12. This conduction is mediated by the presence o, on zed gas w, h,n ag P ^ 
between the clamping ring channel 22 and the d.elec nc ^%™££*^™ B0 Lusandths o, an inch. 
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system, all of the components of the etching ^^^° 0 nue system . Thus, different components of 
ofheat need not be uniform between JJ^^^SnX tenures of different system compo- 
se system may be heated to different ^^ ures ™ J of the 9 se dlfferent syste m components, may lead 
nents. as well as the differing thermal expanse coef 1 icients tion . Tnus , a gap 24 may ar.se 

even Cosely fitting mechanical joints ^^^ZZ^ur^ normal operation regardless of how 

between the channel 22 and the edge of the d "; nS t ^ insulator 20 at ro om temperature. 

close.y the channe! 22 fits around the edge o lh j^erfnc , nsu , a ^ ^ 

Whether the gap arises from poor mach.nmg of a secon dary plasma at high operat.ng 

gap b larger than the threshold ^ t ^^^ 0 ^'^ slJl . and power are increased, the thick- 

pressures and high input powers. In other words « |f the gap - 2 4 is larger than a thresh- 

ness of the plasma sheath decreases suffic^ 

old width during operation of the etch.ng f ^^l^.^^g^o ^ptain conduction between the sh.eld 
support structure 12 will eventually contain suff^en ^ Qas * ^ ^ and current flows 

structure 18 and the cathode support Jnction between a shield structure 18, cath- 

strated in Fig. 3. which is an expanded cross f^tL 26. Typically, it is preferred that the pint 

ode support structure 12. clamping nng 14 and d.e ect * ' n »™ y „. ner tole rances than in the pnor 

between the damping ring 14 and the of an inch. By maintaining 

art system. The gap 24 is controlled to wjhm the gap 24 wB be smaller than the thresho d 

RF rs:r P referredembodimentsof r 

26 between the clamping ring 14 and the shield ^"^^ (ne support structure. Th,s mter- 

of interrupting the gas conduction path rom ^ ^ J,™^ the gas cond uction path or to diver, the gas 
rupt ion may arise from the flange 28 acting ^ tt ^^°* s J a re duced level of RF power. Because 
conduction path through a region wrth alow dens,ty^ 

little of the plasma excitation field should be present in the region J shoulo be generated 

Z 14. which is disposed away from the plasma exc,tat,or ,eg*n no ^ * P jntQ tne region 30. the 
L egion 30. Accordingly, if the flange * £ ^30, grea „ y reducing the possibility of 
ionized gas flowing through the channel 22 wi be dduted W suppor t structure 12. From a different 
e.ectrical conduction between the shield «^™]l^T£Z»«£* n path between the sh*.d struc- 

the flange 28 may extend beyond the exten of ether elching charnbe r. In some circurnstanc- 

of the f.ange 28 is limited by the space the f .ange need not extend to be 

es. where either the gas conduct™ path « suff e W ««* g preferred emDod , me nt o 

, lu ,h with either the clamping ring 14 or the . el d ™«™ CTOSS secti0 n. Other shapes are usef ul 

ode support structure 12. t inven tion. Here, the dielectric insulator 26 prefer- 

Fig. 4 illustrates a preferred embodiment of the present sufface of tne puartz cyhnder. 

ab ,y comprises a guartz cylinder with a f.ange 28 ex * may be formed by elding" the flange 
The flange 28 may be formed by machining the q ^ c ^ n (0 , working quartz . Structures other 

. cap for the dielectric insulator. b an RIE systern in accordance with the present 

Table 2 illustrates the improved performance achieved oy 
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invention. As with Table 1 . Table 2 shows the leva, of DC 

of different input RF power leve«s for a number of d,f feren grating P™« U ^J fe No afCing was 

averages of three trials made at each combinat.on of mput RF ^ f P of tne trials . 

observed for any of the combinations of operating pressures and input RF power any 



TABLE 2 




By modifying the reactive ion etching system in ^^^^^^Z^ 
sures can be maintained in the processing chamber. Tests on a .reacts » w £' e of input powers. 
Fig. 4 have demonstrated stable operation at gas pressures of ^.^'^^^^^^^^tes stable op- 
This represents a marked improvement over the systerr J^^^i"^ tmM ion etching 
eration only at pressures of 150 m„l,Torr or lower. S m^ar iaTTncrease in the density of ionized 
systems to operate with higher plasma power inputs ^^'^.^^^tion at input powers of up to 950 
gas. For example, the system illustrated by F,g. 4 demons, a ted ab ^^^J^ stable opera ,ion 

more stable etching process. „ f „„ n r« to soecif ic preferred embodiments thereof. 

While the present invention has been descnbed with reference to spec, ,c pre ^ 

it be understood by those skilled in this art that vanous ^^^^^^^ invention to 

true spint and scope of the invention. In addrt.on . many mod.f .cations may be made 

a given situation without departing from its essential teachings. 



Claims 

" , An „o» 9 « HnS . , U »,»..pn.« — •« a— ^- "1 
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allow the generation of a secondary plasma within such a path. 

An etching system as claimed in claim 1. in which said insulating structure between said cathode and 
^ietslruclure extends outwardly at least to the outer perimeter of said shield structure. 
3 An etching system as claimed in daim 1 or claim 2. wherein the thickness of any said gap is limited to 
' less than about twenty thousandths of an inch over at leas, a port.on of sa,d part. 
' 5 4. An etching system as claimed in any of Cairns 1 to 3. wherein the environment is maintained at a pressure 
of less than about 250 mill iTorr. 
5 An etching system as in any of claims 1 to 3. wherein the environment is maintained at a pressure within 
the range of greater than about 150 milliTorr to about 300 mill.Torr. 

An etching system as claimed in claim 5. wherein the power input by said high frequency power source 
to said cathode is in excess of 600 Watts. 

An etching system comprising: 

3 T^X^S XZZZZZ and endosing a, least a portion of .Jd^od. wherein 
said shield structure may be maintained at an electrical potential d.fferent from sad cathode, and 

Tn insulat ng assembly disposed between said cathode and said sh,eld structure. sa,d ■nsul.fng 
assOT y i r= pSc.ing portion extending a, least to the outer perimeter of said shield structure. 
35 wherelsaid insulating Assembly defines one or more gaps therein, or between sa,d ,nsu£Ung a - 
sembly and said cathode or said shield structure, said one or more gaps compr.s.ng at least a port,on 
a cas conduction path between said shield structure and said cathode, and 
9 wherein said projecting portion of said insulating assembly interrupts sa,d gas conduct™ path. 

said at least a portion of said gas conduction path. 

Theetchingsystemasdaimed in daim 8. wherein the thickness of at least a portion of said gas conduction 
path is less than about twenty thousandths of an tnch. 

The etching system as claimed in any of daims 7 to 9. wherein said J£.tjnc , assembiy substantially 
blocks said gas conduction path between said shield structure and sa,d cathode. 

The etching system as daimed in any of daims 7 to 10. wherein said insulating assemb.y acts to divert 
said gas conduchon path through a region having a low density of ion>zed gas. 

assembly has a generally rectangular cross section. 

Theetching sys.emof daim 12 wherein said projecting portionof said insulating assembly extends beyond 
both the perimeter of said cathode and the perimeter of said shield structure. 

14. An etching system comprising: 

: ^zz^^w^ — — - i - - d ca,hode is °"» bta of exci,,n9 
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15. 
16. 



17. An etching 
having a 



,„,. ~« ■> »- r„«: srr„ — . -« « 

at operating pressures in excess of 150 milliTorr. 

^ingsystemasdaimedin^^ 
said edge of said insulating structure. 

tangular cross section. 

19. An etching system as claimed in any of claims 14 to 18. wherein said gap isless than about 20 thousandths 

25 of an inch. 

* .-.aim* 14 to 19 wherein said cap structure compnses a clamping 

zo - rsss^^ - ^ - • — ° f ' said cathode durina an M operation " 

, • h in ,„„ of claims U to 20, further comprising a flange extending from sa.d 

^s£r<zzz£2z~ - - ,a ■* - ,,ia iN " d 

quartz, 
ture. 

# . mc 91 tn 93 wherein said flange has a generally rectangular 

25 A shielded cathode etching system comprising: r ^ nab i e of exciting a plasma; 

,„,. ma'yt "Ltained ., an electric, ootenti,, ditt.^m ,,,d »h£ . ^ 

_,„r.siT:^^^^ 

ating pressures of 150 millTorr or greater. 
Watts. 
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said cathode and said shield structure. 
28 A shielded cathode etching system as claimed in claim 25. wherein said means for restric ting plasma con- 
duction comprises a dielectric structure defining a gas conduction path between sa,d cathode and sa.d 
shield structure. 

29. A shielded cathode etching system as cla.med in claim 28. wherein at least a portion of said gas conduction 
path has a width smaller than a threshold width. 

30 Ashieldedcathodeetch^^ 

path has a width smaller than about twenty thousandths of an inch. 
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